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GEOLOGY AND GEOCHEMISTRY OF THE CHANDALAR AREA

BROOKS RANGE, ALASKA

By

E. R. Chipp

ABSTRACT

The Chandalar area is the easternmost well-known gold district within a large miner-
alized belt in the Wiseman and Chandalar guadrangles of Northern Alaska. The area has
long been recognized to contain some of the highest grade gold-quartz lodes in the In-
terior, During 47 days in July and August, 1969, 63 square miles were mapped and 147
scream sediment and 28 bedrock samples were collected.

Bedrock consists mainly of pelitic schist of Devonian age intruded by mafic to inter-
mediate rocks metamorphosed to greenstone or greenschist. Intrusive rocks are consid-
ered Devonian(?) or younger, and possibly Jurassic, age. Two main lithologic¢ unicts
are mapped: the thick lower plate schist sequence with local beds of slate and gilt-
stone, and the upper plate sequence of schist with mappable phyllite and quartzite-
schist beds, Biotlte or garnet-bearing schist occur locally near greenstone obtru-
sives in the lower plate sequence, buL most of the schists are within the quartz-
albire~muscovite-chlorite subfacies of the greenschist facies of regional metamor-
phism.

The gross structure is a homocline dipping northwest to northeast that is displaced by

a thrust faulc and high~angle, N57W trending, normal faults. Open folds trending north-
norxtheast in the lower plate sequence suggest pressure from the sast-southeast that is
probably pre-thrusting and syn-metamorphic age. Metamorphism is postulated to be of
Late Jurassic age. Minor east~west trending small folds approximactely parallel the ax-
is of the synclinal-shaped thrust fault and occur moscly within the upper plate sequence,
A second and minor metamorphism may have occurred during thrusting and east-west folding.

The direction of thrust fault displacement is inferred to be northeast to north-northeast,
but of unknown magnitude. The age of thrusting may be related to regional east-west fold-
ing and granitic intrusion in the southern part of the Chandalar quadrangle. An inferred
middle Cretaceous age for rhis rectonic and igneous event 1is based in part upon isotopic
age determinations by earlier workers. Generally east-west trending joints are prominent
features and importaut in gold mineralization.

Known geld mineralization is confined to a north-northeast trending zone including upper
Big Creek, Tobin Creek, Little Squaw Creek, and Big Squaw Creek. Small gold-quartz veins
are best developed along NS57W trending normal faults and east-west trendlng joints in the
vicinity of che fault zones. Most of the veins are in phyllice in fault contact with more
resistant schist or quartzite, Gold mineralization is probably related to a buried north-
northeast trending granitic intrusion; however, a relatiounship to the metasomatism of
greenstones 1is possible.

Gold, arsenopyrite, galena, sphalerite, and pyrite are minor constituents of the minera-
lized veins. Much of the gold is in native form and quite specracular. Most sulfides are
oxidized and leached in near surface exposures with scorodite, beudantite, limonite(?),
and crystalline gold as secondary products.



Stream sediments in the north-northeast trending zone contailn anomalous copper and silver
values, although the copper content of lode samples is low. Anomalous values of lead and
other elemencts in the northwestern area warrant additional sampling and analyses.



INTRODUCTION

PURPOSE AND SCOPE

The Chandalar area has been placer mined many years and has long been known to contain
some of the highest grade gold lodes in the Interior. Recently the Chandalar Gold Min-
ing and Milling Cowmpany complected its LOO ton per day mill and is currently mining one
of the better known lodes. A detailed study was undertaken to relate the mineral depos-
its in the area to local and regional structures.

During 47 days in July and August, 1969, 63 square miles were mapped and 175 stream sedi-
ment and rock samples were collected for amalyses. Definite controls are indicated which
should assist future exploration and development in the area.

LOCATION AND ACCESS

The Chandalar area is in the Brooks Range of northern Alaska approximately 200 miles north
of Fairbanks and 100 miles northeast of Bettles, The area i3 centralized within the Chan~
dalar quadrangle at about 67° N latitude and 148° 15' W longitude (fig 1).

A large airstrip on upper Tobin Creek and two short airstrips on upper Big Creek, as well
as a winter trail from the maintained airstrip at Chandalar Lake provide access cto the
area.

PREVIOUS INVESTIGATIONS

Schrader and Gerdine (1899) conducted the first geologic and topographic reconnaissance in
the Chandalar and Koyukuk Rivers for the U. S. Geological Survey. Maddrea (1909) included
the Chandalar area within a more complete study of the Koyukuk Valley and in 1823, Mertie

mapped most of the Chandalar quadrangle.

Specific reports on the Chandalar gold occurrences have been made by the Alaska Territorial
Department of Mines. From 1927 to 1934, 1. M. Reed and J. V. Stanford compiled data on

the progress within the mining area and visited many of the prospects and mining operations.
In 1946, Eskil Anderson examined and offered significant advice on the Big Creek placers.

R. H. Saunders with the Alaska State Division of Mines and Minerals described the progress
in the ares after the revival of interest in the lode prospects in 1962.

The "Geology and Section of the Chandalar Quadrangle' by W. P. Brosge and H. N. Reiser was
published by the U. S. Geologlcal Survey in 1964. Their revised stratigraphy and structur-
al interpretation has been of great value.

HISTORY AND PRODUCTION

The first known gold discoveries were between 1885 and 1890 at Tramway Bar, 70 miles south-
west of Chandalar. About 1000 or more progpectors entered the Koyukuk Valley in 1899, and
in 1901 and 1902 gold discoveries were made near Wiseman. A stable populatioun of 200 peo~
ple in the general area created a small mining community. Maddren (1909, p 291) scated
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thac placer gold production in the Nome and Failrbanks districts was largex, but the
Koyukuk probably had an average higher per capita income than any other district in
Alaska.

Thomas Carter and Frank Yasuda discovered placer gold in 1905 on Little Squaw Creek in
the Chandalar area (Reed, 1929). Discovery on Big Creek followed in 1906. The new
discovery took men out of the Koyukuk into Chandalar. About 100 men were engaged in
prospecting and mining by 1907, with a total production of $28,000 (Brooks and others,
p 46). Between 1906 and 1909 the largest placer production came from Big Creek and
St. Mary's Gulch.

The Little Squaw camp was well established by 1908 and a post office was built. Most of
the miners, however, wintered at Caro 48 miles south of Chandalar or at Beaver on the
Yukon River. The Alaska Road Commission, about 1911 built a wagon road 74 miles from
Beaver to Caro (Reed, 1929). From Caro, there was a trail 48 miles long up Big Creek and
over the divide to Little Squaw. Much of the food and supplies were freighted by dog-
team from Beaver,

By 1909, four principal gold-quartz lodes were recognized and considered by Maddren (1910)
to hold che most promise for the Chandalar. A road was bullt from the Little Squaw lode
to the mill~site on Spring Creek in 1909-1910, and a small stamp mill was hauled to Big
Creek to test the Litrle Squaw lode. Shafts and tunnels had been driven by 1913 on the
showingsin upper Tobin Creek (the Little Mikado lode), the Summit area, and Little Squaw
Creek. Regardless of the =arly interest in the rich lode deposits, placer mining con-
tinued to be the only important wmining until the present time. Placer mining had been
done by hand methods, shoveling-in, ground-sluicing, or drifting.

After World War I, Anderson (1946) pointed out that the Chandalar area was one of the
few important placer districts that had not been mined by mechanical methods. Since then
Big Creek was mined with the use of bulldozers and has subsequently produced as much or
more than the original value of gold mined by hand methods. By 1331, placer ground had
been blocked out on Tobin Creek and Frank Birch 1s currently placer mining thare.

In 1960, the Little Squaw Mining Company reopened the underground workings on the Little
Mikado lode and drove more than 600 feet of new underground workings. With OME assis-
tance in 1962, the Little Squaw Mining Company began trenching on some of the veins in the
area using bulldozers formerly used for placer mining. Currently, Chandalar Gold Mining
and Milling Company under sub-lease from Little Squaw Mining Company, a subsidiary of
Grandview Mines and Metaline Mining and Leasing Company, is mining the Little Mikadec lode
and milling approximately 100 tons per day in their mill on Tobin Creek.

Placer production in the area 1s estimated ar 40,000 ounces of gold (Heiner and Wolff,

p 14), or $1,400,000 ar $35.00 per ounce. Blg Creek produced a total of $500,000 or more,
and approximately $350,000 total since 1950 (Wolff, personal communication). With the re-
cent placer production from Tobin Creek and the expected lode production in the future,
the Chandalar area promises to become still more important.
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GEOLOGY

REGIONAL SETTING

Around the Chandalar area, bedrock 1is mostly schist, phyllice, and slate of Devonian age
and limestone of earlier Devonlan age (Brosge and Relser, 1964). Metamorphilsm is green-—
schist facles grade, but locally higher grade metamorphism occurs around granitic intru-
sions. Greenstone sills and dikes are locally abundant and believed to be equivalent to
pyroxene andesite flows and pyroxene diorite intrusions of Late Devonian(?) age that oc~
cur in the southern part of the Chandalar quadrangle {(Brosge and Reilser, 1964). However,
the greenstone sills and dikes may be the same relative age as the large mafic igneous
complex in the Christian quadrangle to the east that was dated as Early or Middle Juras-
sic (Reiser, Lanphere, and Brosge, 1965; and Brosge and Reiser, 1964).

Structurally, the Chandalar area is part of a large region contalning northeast trending
folds and thrust plates, locally intruded by granitic intrusives elongated mostly porth-
east, and bordered along the south by easc-west trending folds (best observed within the
Wiseman quadrangle, Brosge and Reiser, 1960) and a granitic batholith elongated east-west.

STRATIGRAPHY

Lower Plate Sequence

Black Schist unit (Dpls)

The lower plate sequence of black schist, phyllite, and slate is copnsidered to be the
oldest unit in the Chandalar area. Thin beds of quartzite occur in the area near the
Dome and numerous bodies of greenstone and greenschist have intruded this unit in many
localities (fig 2). Volcanic material is a minor constituent of the dominantly peli-
tic lithology.

The Dpls unit is approximately equivalent to the quartz-muscovite—chlorite schist (Dgs)
mapped by Brosge and Reiser (1964). The Dgs unit is stated by Brosge and Relser to be
approximately equivalent to the black siltstone (Dgy), of Late Devonian age, and to oc-
cur locally over basal conglomerate of the "Slate and Sandstone" unit.

The black schist unit is in thrust contact with the overlying schist, phyllite, and
quartzite—-schist units. Bedding and foliation dip 20 to 40 degrees northeast to north-
west in the southern area and flatten ceonsidexably in the north. Crenulations and open
folds plunge 10 to 40 degrees ganerally north to northesst. The black schist unit is
estimated to be greater than 3000 feet thick,

In the upper Big Creek and northern area, the Dp)g unit is dominantly fine-grained, dark
gray to black, carbonaceous, quartz-muscovite-chlorite schist ro phyllite. Quartz is
subordinate to muscovite in many localities, albite is locally abundant, and chlorite

is mostly less than 10%Z. Very fine-grained white quartzite seams less than 2 mm thick
are common locally and probably represent bedding. Crepulations and chevron folds lo-
cally contain quartz segregations along the axial crests and parzllel to axial plane
cleavages.



In the Dome and Tobin Creek area, the Dp)g unit contains black slate and phyllite beds
usually less than 200 feet thick,interbedded with thin beds of fine-grailned quartzite
and schist, The phyllite is occasionally spotted with chlorite or albite and locally
changes laterally Into schist within a few hundreds of feet. One bed of black metasilt-
stone occurs beneath the greenstone sill west of Tobin Creek. This bed indicates minor
mertamorphism and shearing in local areas of the lower plate rocks.

South of Tobin Creek,as well as in the extreme eastern area of black schist exposure in
uppar Big Creek, the Dplg unit contains thin boudins of greemschist in the centers of
small folds. They are dark green to black, up to 3 inches thick and less than 6 inches
long, and commonly rolled and twisted with folding in the schist. One thin sectiom con-
tains quartz, calcite, and chlorite in approximately equal proportions and totaling 75%
of the rock; the remaining 257 consists of albite, epidote, muscovite, and sphene. Ap-
proximately one half mile east of the Dome, one outcrop of interbedded quartzice and
greenschist contains fine laminarions and cross-bedding structures. The greenschist may
be a water-laid tuff with considerably detrital quartz.

Pelitic sediments regionally metamorphosed to lowest grade greenschist facies are most
prevalent in the Dyjg unit. Individual beds of phyllite, slate, and siltstone in a pre-
dominantly schist sequence suggest that schistosity was produced ounly in zones where
shearing was important. However, the chemical composition of some beds may have retarded
recrystallization. Slightly-spotted slate occurs in St. Mary's Gulch and Pedro Gulch,

but most rock type is schist in the upper Big Creek area. Albite schist with biotite and
garnet near greenstone contacts indicates higher—grade metamorphism in local thermal aure-
vles. Within a few feer of the greenstone along the south side of the Dome, medium-grained,
quartz-albite-biotite-chlorite schist occurs with minor garnet. Albite porphyroblasts are
vp to 5> mm in diameter and gray, on occasion, due to inclusions. Chlorite partially replaces
bictite and, to a lesser extent, garnet. Ragged garnet crystal borders and marginal chlori-~
tization of biotite suggest metamorphism may be retrogressive.

The interbedded schist and slate near the Dome and Tobin Creek forms a ridge and terrace
topography due to the varying resistance co weathering in individual beds. Jointing and
schistosity cause the schist to weather into pencil-like pieces. Where jointing is not
closely spaced, the schists form flat slabs. The metasiltstone and slate beds form ter-
races covered by small, flat chips that are excellenc for walking and buillding roads.

Upper Plare Sequence

The upper plate sequence includes the lower-most schist unit (Ds) and a major interbed of
phyllite (Ds_ ), called the Mikado Phyllite, overlain by the phyllite-schist unit (Dphs)
and quartzite-schist to schistose quartzite unit (Dqts). Contacts between the unilts are
gradational and generalized in some areas. The upper plate sequence is approximately
equivalent to the quartz-muscovite schist (Dqm) of Brosge and Reiser (1964), which is con~

sidered Upper Devonian age,

The Ds unit is estimated to be more than 5000 feet thick west of Tobin Creek and approxi-
mactely 3500 feet thick west of Blg Creek. Within the Ds unit, the Mikado Phyllite bed
averages 600 feet thick. The Dphs unit is approximately 700 feet rchick and appears to
pinch out ro the northwest. The uppermost Dqts unit is faulted and eroded, and probably
more than 1000 feer thick, Local beds and contacts suggest that most folistion 1s paral-
lel t6 bedding, and most thickness estimates are based largely upon follatiown.
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Schist unit (Ds) with the Mikado Phyllite (Dsph)

The basal unit of the upper plate sequence is primarily quartz-muscovite schist with
interbeds of phyllite and minor schistose quartzite. The thickest and wost litholo-
gically distinct interbed is called the Mikado Phyllite (Ds h)s but most interbeds of
phyllite and quarczite are less than 10 feet thick and lenticular. A few greenschist
occurrences are less than 10 feet thick and probably represent metamorphosed mafic sills.

White quartz segrepations and bands less than 10 mm wide, which often resemble Z-config-
urations, are locally abundant and characteristic of the Ds unict. The most notable oc-
currences are found above the Mikado Phyllite and east of the Dome area within the lower
part of the unit. Along the road and bectween the Mikado and Star lodes (fig 2), this
same phenomenon is found within the Mikado Phyllite bed. There rhe Mikado Phyllite con-—
tains thin (less than 5 mm) quartz seams en echelon fashion along the crests of crenula-
tions trending N60W.

The dominant rock is medium to dark gray, slightly carbonaceous, quartz-muscovite schist

with ninor chlorite and rare albite. Grain size ranges from 0.1 to 0.> mm. The rock is

resistant to weathering and forms bold outcrops with large, angular slabs 1n frost-—heaved
piles. Weathered surfaces commonly have yellow to orange stains due to iron oxides.

The Mikado Phyllitce (Dsph) trends northwest across most of the mapped area. It is re-
peated by high—angle faulting, especially by the Mikado fault. The best known gold lodes
occur in the bed where it is highly sheared, jointed and iron-stained.

The phyllite 1is a conspicuous dark gray, fine-grained rock with much less quartz in vein-
lets or original bedding than the enclosing schist. One thin section contained 35% quartz,
40%Z muscovite, 10%Z chlorite, and 157 opaques (mostly carbonaceous material and hematite-
limonite). Quartz in thin seams parallel to bedding is fine-grained and apparently gran-
ulated, but some quarcz occurs in slightly cross-cutting veinlets. Chlorite occurs up to
1 mm long with the long axis oriented parallel to the cleavage, or on occasion oblique or
perpendicular to the cleavage where it apparently crystallized late with the crass-cutting
quartz.

Along ridge crests,the phyllice weathers to lov saddles or flat terraces. It is much less
resistant to weathering processes and the talus is mostly small chips or thin plates.

Phyllite-Schist unit (Dphs)

The Dphs unit crops out in the northern part of the area, mostly in the Little Squaw and
Big Squaw Creek drainages. High-apgle faulting repeats the unit in both creeks. Contacts
are gradational with the Ds unit stratigraphically below and the Dqts unit above. Fine
graln size and commonly lighter color is characteristic as well as small segregations of
quartz and pyrrhotite,

Quartz-muscovite—chlorite phyllite to phyllite~schist is the dominant rock in the Dphs
unit. Thin laminae of quartz-rich, phyllitic schist and chlorite-rich phyllite are com-
mon and suggest original compositional variations. The coarser-grained phyllitic schist
is medium gray and the phyllite is darker gray with more carbonaceous material. The rock
veathers rusty red in some areas due to iron oxides and is commonly jolnted and consider-
ably less resistant to weathering processes than the two contiguous units. Pyrrhotite
masses, or rarely crystals, occur abundantly with or without quartz in the Dphs unit in
both the Little and Big Squaw Creek areas. They are common to the northwest aund rarely
oceyr in the contiguous units. The pyrrhotite masses are up to 1-1/2 inches thick and 3
inches long, but the average size is much less. Zones of dilation caused by differential
movement within thin laminae may be the control for emplacement. Crenulations are often
strong in the phyllice laminae and fade out in harder quartz-rich laminae. They produce
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a lineation that commonly plunges down dip parallel to the major schistosity. Pyrr-
hotite masses occur along the axial crests of the crenulations or form in rolls with
quaxctz, Chalcopyrite and arsenopyrite(?) occur sparingly along with the pyrrhotite.

guartzive-Schist unit (Dgts)

Approximately 1000 feet of interbedded schistose quartzite to quartzire schist with
ninor, but locally abundant, interbeds of schist and phyllite comprise the uppermost
unit of the upper plate sequence. It is 1In thrust contact with the lower plate se~-
quence to the north and in gradational contact with the Dphs unit lying stratigraph-—
ically lower and to the south. The unit is relatively resistant to erosion and forms
a prominent ridge as well as a sharp break in slope with both contiguous vnlts. Very
hard quartzite beds up to 5 or 10 feet rhick are numerous and form sharp serrated
ridges along ridge rcops.

The schistose quartzite beds contain up to 90% quartz with minor muscovite, chlorite,
and a trace of apatite, sphene, epidote, and albite. Carbonaceous material along with
hematite and limounite comprise less than 2% of the total rock. Individuval beds vary
from zalmost white to tan or light gray. Quartz grains are less than 0.3 mm in dia~
meter and indicate granulation with recrystallizaclon into mosaics of xenoblastic
quartz. Muscovite and chlorite flakes are lepidoblastic and impart schistosity to

the rock. Many thin beds of quartz-muscovite schist and phyllite are medium to dark
gray and not distinctly different than beds in che lower units.

West of che landslide (fig 2) atr approximately 4000 feet elevarion, minor areas of
quartz-albite-muscovite-chlorite schist occur with a trace of sphene, magnetite, and
carbonaceous material. Albite porphyroblasts up to 2 mm in diameter contain micro-
lites and carbonaceous material. The small areas of albitic schist may indicate the
proximity of greenstone iluntrusions. Albitization with gneissic banding is similar to
that found near the Dome areas.

INTRUSIVE ROCKS

Greenstone (Dg) and Greenschist (Dgs)

Greenstone sills and a few dikes intrude the lower plate sequence in many areas. The
upper plate sequence is lacking in larger greenstone bodies, but does contain a few
thin sills, or rarely dikes, of greenstone or greenschist. Some of the larger green~
stone sills are schistose along the borders and gradationally less schistose toward the
centers. Greenstone and greenschist rocks are considered to be the same relative age
and of the same origin, but differing in the degrees of shearing and metamorphism.
Brosge and Reiser (1964) have mapped greenstone and greenschist as Devonian(?) age and
probably equivalent to volcanic rocks in the southern part of the Chandalar quadrangle.
They note that, since the Chandalar quadrangle map was submitted for publication, simi-
lar volcanic rocks intruding sedimentary rocks of Carbonacecus or younger age were map-
ped in the Chrisctian and Coleen quadrangles. The large mafic igneous complex in the
Christian quadrangle may be Early or Middle Jurassic age by potassium-argon isotopic
age decerminations on hornblende and plagioclase (Reiser, Lanphere, and Brosge, 1965).
Their suggested age is further substantlated by Triassic age fossils in some of the in-
truded rock. Patton and Tailleur (1964, p 481) in the Killik~Itkillik regiou, date by
field relations small sills of alblte-diabase, diabase, and basglc, as latest Jurassic
age, They find only one episode of igneous activity in that area. Mertie (1925, p 224
and 245) described three types of greenstones in the Chandalar region and thought they
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represented intrusions of more than one Paleozoic age. He felt that the ones intruding
the Devonian and Mississippian rocks may be late Paleozoic in age and correlated them
with the basic extrusive and intrusive rocks of the Rampart group. Tor these reasous
greenstone and greenschist in the Chandalar area are tentatively considered Devonian(?)
or younger, and possibly Jurassic in age.

The greenstone intrusives are mineralogically similar, but grain size and textures vary
locally. Actinclite, c¢linozoisite and epidote comprise about 80% of the rock wicth minor
calcite-dolomite, chlorite, albite, sphene, and quartz. In Pedro Gulch, most greenstones
are granoblastic to blastoporphyritic with actinolite porphyroblascts up to 5 mm. Actino-
lite porphyroblasts are intimately associated with clinozoisite, epldote, and sphene,
which may indicate replacement of titaniferous pyroxene or hornblende. Concentratlions

of fine grained quartz-albite-clinozoisite~calcite may be former plagioclase phenocrysts.
Groundmass minerals are fine grained aggregates of clinozoisite, epidote, calcite, chlor-
ite, with minor quarcz and albite.

Greenstone in Pedro Gulch is green to dark gray-green, locally schistose near borders,
and iron stained on weathered surfaces, Minor pyrrhotite and chalcopyrite occux near
fault zones, BSmall segregations of albite (An3) with minor quartz, calcite, and chlor-
ite occur in the weathered talus. Some alblte crystals are up to 15 mm long, partially
bent and granulated. Small blades of chlorite are aligned along the alblte cleavages,
suggesting they both crystallized simultaneously.

In the Dome area, greenstone is fine grained and granoblagtic. In one thin section,
pyroxene(?) less than 0.1 mm in dlameter is mostly replaced by epidote, clinozoisite,
sphene, and chlorite. Sphene in very small peripheral granules suggests the pyroxene(?)
may be titaniferous augite.

The larger greenstone body in the southern area is coarse grained and blastophitic. Ac-
tinolite up to 4 mm poikilitically encloses rellic plagioclage with Carlsbad twinning.
Concentric zones of quartz or clinozoisite and albite parallel to the relic crystal out-
lines indicate thatr the plagioclase was zoned and partially replaced by silica. Thin
fractures are filled wirh quartz and chlorite.

The schistose border of the larger greenstone in the socuthern area contains alblte por-
phyroblasts in a matrix of chlorite with minor clinozoisite and epidote. One thin section
taken in the transitional zone between the chlorite-rich and actinolite-rich areas indi-
cates fracturing and shearing were instrumental in producing the chlorite-albite miner-—
alization or schistosity Iin the greenschist phase. Chlorice replaces the clinozoisite-
epidote suite along thin fractures that occasionally wrap around albite porphyroblasts.

X-ray diffraction patterns of three greenstone and greenschist samples tentatively iden-
tify the chlorite in each case as aphrosiderirte. Aphrosiderite containg abundant ferrous
iron. Microscopically, it is medium green, biaxial (+), and anomalous brown under cros-
sed nicols. Wearhering of the chlorite results lun abundant iron staining.

Quartz in the greenschists often appears in fine grained (less than 0.1 mm) mosaics that
suggest partial replacement of chlorite, clinozoisite, and calcite. Zircon is abundant
as microlites poikilitically enclosed by quartz, muscovite, or albite. Chlorite vrerely
contains pleochroic haloes surrounding very small cyystals of monazite(?). Monazite is
reported to occur in the placer concentrates of the area (Mertie, 1925, p 263; White,
1852, p 8; Nelson et al, 1952, p 16).

The greenstone and greenschist probably represent pre-metamorphic or syn-metamorphic ma-
fic to possibly intermediate intrusives that were metamorphosed to low grade greenschist
facies during regional metamorphism. Relic textures indicate they varied from equigran—
ular and fine grained to porphyritic or ophitic and coarse grained. This would suggest
that they were gabbroic, diabasic, or possibly dioritic.
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The mineralogy of the greenstone and greenschist, ag well as albice segregations and
albitization of the host rocks in local areas near greenstones, indicate soda metaso-~
matism was related to the greenstone Intrusions. Quartz veining around the greenstone
bodies and silica replacement of minerals in the greenstone and gteenschilst suggest
silica mectasomatism was alsc associated with the emplacement of the instrusions. Minor
veins of quartz and albite occur throughout the area. They are usually less than 3
inches thick and mostly found in the weathered talus rubble. More than one stage of
guartz veining occurred in the area, which will be discussed more fully in the section
on ore deposits.

SURFICIAL DEPOSITS

The larger streams in che Chandalar area contain locally thick deposits of silt, sand,
gravel, and boulders. Slopes are mostly covered by colluvium consisting of large angu-
lar slabs of schist or greenstone. Colluvium deposits are similar to and merge with
frost~-heaved deposits along ridge tops.

Pleistocene glacial deposits that are latrgely transported from the morth are found up

to 3000 feet elevation, and locally higher. Glacial deposits occur only along the west-
ern and northern areas. They are made conspicuous by the presence of granodiorite, mavr-
ble, and coarse~grained graywacke boulders.

Large benches of glaclial lake deposits occur in lower Tobin Creck and Boulder Creek. They
are uvnconsolidated and slightly stratified silt to boulder beds and average sand size.
They were probably formed in small lakes adjacent to large valley glaclers during Pleis-
tocene time. The lower reaches of most of the large streams contain glacial deposits
that include much material transported from the north. Mertie (1923, p 239 and 254-260)
discusses glaciation and the history of the major drainages much more completely.

STRUCTURE
Regional Structure

Noxtheast and east-trending structures are major features along the southern Elank of

the Brooks Range in the Wiseman, Chandalar, and Christian quadrangles (Brosge and Reiser,
1560, 1962, and 1964). Large northeast-trending fold belcs, with 1ithologic contacts com-
monly thrust faulted, occur in the northern parts of the quadrangles, and the northeast-
trending granitic intrusion in the Baby Creek area 20 miles west of Chandalar forms the
core of a large anticlinal fold (Brosge and Reiser, 1964). Eagt~trending structural fea-
tures are dominant in the southern parts of the quadrangles. The Kobuk Trough, which
contains continental scrata of Cretaceocus age, pinches out eastward in the southwest
corner of the Chandalar quadrangle about 40 miles southwest of the mapped area.

Isotopic age determinatiors on micas indicate that the latest metamorphism occurred in
Late Jurassic to middle Cretaceous time (Brosgge and Reiser, 1964). Mica from the pluton
in the northern part of the Chandalar quadrangle has an isotoplc age of 125 million years,
and mica from the southern pluton is 101 million years old. The two ages of metamorphism
from northeast and east-trending plutons may indicate the northeast-trending structures
are Late Jurassic in age and the east-trending structures are middle Cretaceous in age.
These two inferred ages of tectonism with different orientations agree with observations
in the Chandalax area,
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In the Killik-Ickillik region in the Arctic foothills section of the Brooks Range (north
and east of the Chandalar quadrangle), the source material for Triassic shelf deposits

was derived from the north. Jurassic and Cretaceous rocks, in coatrast, are geosynclinal
deposits derived mainly from the south (Patton and Tailleux, 1964, p 493). They state
thar "from Late Jurassic until Late Cretaceous time recurrent tectonic activity in the
region of the Brooks Range provided a rising land mass which shed vast quantities of de-
tritus northward into a subsiding eastward trending trough, the Colville geosyncline, rhat
lay across the area of the Arctic foothills and coastal plain”.

General Structure in the Chandalar Area

The Chandalar area includes a northeast to northwest dipping homocline with minor north-
northeast folds. The upper plate sequence was overthrust and both lower and upper plate
sequecnces were later displaced by northwest and east-northeast—trending, high—angle,
normal faults. North-northeasc-trending folds suggest pressure from the east-southeast.
They were possibly contemporaneous with the Late Jurassic age of metamorphism and inferred
tectonism on the reglonal scale. Minor folds and crenulations that trend northwest to
nearly west occur mostly in the northern part of the mapped area in the upper thrust plate.
These small folds are approximately parallel to the axis of the synclinal-shaped thrust
plate and are probably related to the forces that produced thrust faulting towards the
northeast or norcth-norcheast, The thrust fault and minor northwest to west—trending folds
may be related to the generally east-~west folding assumed to have occurred during Middle
Cretaceous time, Northwest and east-northeast-trending, high-angle, normal faults arec
probably related to uplift in Cretaceous or Tertiary time.

Thrust Faulting

Field evidence for thrust faulting of the upper plate sequence over the lower plate se-
quence includes: (1) the lower plate sequence (Dbls) is in contact with the strati-
graphically highest unit (Dqts) of the upper thrust plate, (2) a slight angular dis-
cordance existg between the lower and upper plate rocks in many areas, (3) fold patterns
and attitudes of small folds and crenulations are mostly discordant between the two plates
(fios 2 and 3), (4) the upper plate rocks are pervasively metamorphosed but contain only
minor greenstone intrusions; the lower plate rocks are locally metamorphosed tc higher

and lower grades and contain abundant greenstone intrusions, and (5) the upper plate rocks
locally display evidence of much shearing and minor polymetamorphism (Z-configurations

and two orientations of mica).

The synclirnal shape of the thrust plame is inferred on the basis of mapped field relations.
The trace of the thrust in upper Big Creek indicates a horizomtal to 20° northerly dip

(fig &2, section B-B'). West of Tobin Creek the dip is approximately 17° northeast. A
variable to opposite southwest dip is suggested by mappiong in the northern area.

Contacts along the thrust fault are rarely clean exposures. The upper plate sequence is
more resistant than the lower plate rocks and an abrupt or gradual break in slope occurs
along this tectonic zone. In many areas,large angular slabs of upper plate schist forms
a thick accumulation of colluvium over lower plate rocks.

Norcth-northeast to northeast direction of thrust fault displacement is suggested for the
following reasons: (1) exes of small folds and crenulations along the northern contact
area are mostly oriented northwest to west—norchwest approximately parallel to the long
axis of the synclinal-shaped thrust plane (fig 2), and (2) folds have steeper northern
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limbs indicating north-directed pressuvre (fig 4). A few small folds with the same trend
occur in the lower plate sequence, but the majoricy are within the upper plate sequence
in the northern area.

Folding

North-nercheast-trending folds are mapped in the southeastern part of the area and largely
confined to the lower plate sequence, Smaller northwest to west-northwesct-trending folds
are most numerous in the upper plate sequence and in the northern and nmorthwestern areas.

North-northeast-trending folds in the southern and upper Big Creek areas are mostly open,
plunge north-northeast to northeast, and have large amplitudes and wave lengths (figs 3
and &). The northwest to west—northwest-trending folds are small, isoclinal to open folds
plunging northwest, Amplitudes range from inches to perhaps tems of feet., Other larger
unmapped folds are suggested by the presence of numerous crenulations and small folds.
Crenulations and small folds are concentrated within the axial portions cof larger folds in
the southern area. During the course of mapping, most crenulations observed had magnitudes
less than 10 millimeters. The folds are less than 3 feet from crest to crest with ampli-
tudes less than a foot.

Compression along a generally east-west axis produced the north-northeast to north—trending
folds. In many observations, westward displacements of a2 few millimeters occur between thip
bedding laminae. Some folds are assymetrical with the eastern limbs steaper. East-west
compression and the primary metamorphism weére probably synchronous events. Pyrrhotite and
quartz segregations are metamorphic phenomena that produce a B-lineation perpendicular to
the generally east-west compression. In the upper part of Litcle Squaw Creek pyrrhotite
and quartz fill minor dilations along the crests of north-northeast trending small folds
and plunge up to 42 degrees northeast parallel to the dip of the primary foliation (fig 35).

The northwest to west-northwest trending small folds and crenulations along the northexn
part of the thrust plata are not obviously related to larger folds, although sufficient de=-
tail is lacking in these areas at present. In the upper part of Little Squaw Creek, crenu-
lations trend N70E and parallel small folds with wave lengths varying from 1 cto 3 feet.
Similar observations were noted along the spur between Little Squaw and Big Squaw Creeks.
As stated previously, these folds and crenulations are probably related to thrust faulting.

High-Angle Faulting

Two sets of high—angle normal faults occur in the mapped area. Prominent N57W trending
faults have large displacements and trend approximately N3OW to the west and northwest
where they have less offset or terminate. In the southern area, N70FE trending faults dis-
place greenstone intrusions with offsets measured in hundreds of feet.

Major N57W trending faults have had recurrent movement and are the loci for gold lode de-
posics. The Mikade fault 1s nearly vertical and displaces the Mikado Phyllite more chan
500 feet down on the southwest side. The Summit fault dips up to 65° northeast and has
probably displaced the Dphs unic at least 1500 feet, as shown by the secrions in figure 1.

Other minor N57W trxending faults undoubtedly occur within the mapped area. By the con-
struction of form-line contowrs (fig 3), a fault is inferred in Tobin Pass trending approx-
imately northwest along the course of the stream.
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Faults trending approximately N70E in Pedro Gulch and the southern area dip 60° to 75°
southeast with the southeast side down. These faults do not indicate recurrent movement
but are locl for quartz in some areas. 4 north-trending fault along the east side of

the Dome shows greenschist offset and quartz veining. This may be a northwesterly trend-
ing fault that has deflected more northerly than most aloug the western part of the mapped
area.

Many of the fault traces are obvious only where they cross ridge tops and form low passes.
Quaxtz float is common along the traces of many faults and the early prospectors dug many
prospect pits which help in the recognition of some faults.

Uplift within the Brooks Range geanticline began in the Jurassic and continued intermit-
tently throughout Cretaceous and Terciary time (Payne, 15955). The age of high-angle
faulting in the Chandalar area 1s post thrusting and probably related to uplift in Cre-~
taceous or Early Tertiary time. Brecciation and shearing in some quartz veins indicates
there was more than one period of movement.

Jointing

Two promilnent joint patterns occur in the Chandalar area (fig 6). Fractures trending
N80OW and dipping 65° to 90° south are the most numerous and persistent. A few of these
joints dip northward at high angles. A less prominent fracture pattern occurs at right
angles to the N8OW set. These trend approximately N10E and dip at high angles east or
west. A few other trends occur but are not persistent. Shallow dipping joints are ran-
dom, often follow foliation and stop at steeper joints.

The tectonics that produced the persistent joint patterns are highly speculative. East-
trending joints depicted in figure 4 rarely have minor offset and are probably related
to northward compression, Most of these east~trending joints, however, are extensional,
and contain vuggy quartz crystals which may indicate they are related to the relaxation
of northward directed compressional forces or tension produced by northward compression
and uplift. The fact that che east-trending joints are commonly quartz filled, and that
many of the larger quartz veins strike approximately east, suggests that they are early
fractures and very important in exploration for gold lodes.

The N1QE trending joints may be related to early east-west compression or uplift later
than the guartz mineralization. They do not contain quartz which suggests that they are
later or were under compression during the time of quartz mineralization,

ECONOMIC GEOLOGY

Gold Placer Deposits

Placer mining in the Chandalar area is estimated to have produced 40,000 ounces of gold,
or $1,400,000 at $35.00 per ounce (Heiner and Wolff, p 14). Current placer mining by
Mr. Frank Birch on Tobin Creek should add substantially to this figure.

Known placer deposlts occur on upper Big Creek, lower little Squaw Creek, St. Mary's
Culch, Tobin Creek, and near the head of Blg Squaw Creek. Big Creek was the major pro-
ducer and is estimated to have produced $500,000 or wore, and approximately $350,000
since 1950 (Wolff, E.,, personal communication). Below the airscrip on Big Creek pros-
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pecting indizates no encouraging results (Frank Bixch, personal communication), but
coarse gold is reported on claim number 19 below discovery on Big Creek about one mile
southeast of the mapped area (unpublished report by Wm. A. Hesse, mining engineer, 1924),

The placer gold is gemnerally thought by earlier investigators to have been derived from
the known gold lodes. Most of the placer deposits mined are just below mineralized
quartz lodes in the adjacent bedrock. Pan samples in Big Creek and St. Mary's Gulech in-
dicate the gold is bright yellow, irregular shot-like to flactened, and averages about

1 mm with many nuggets 2 to 3 mm. A few nuggets contain included guartz crystals, 1li-
monite, and goethite, and the gold occurs occasionally as crystals.

Quartz Vein Deposits

Known quartz lodes contalining variable amounts of gold are confined mainly to z northeast
trending zone approximately one mile wide and 2-1/2 miles long between the Tobin, Big, Big
Squaw, and little Squaw Creeks area. A few additional guartz veins with minor gold are
reported east of Little Squaw Creek, and one small vein with visible arsenopyrite was
found south of the landslide in the noxtherr area (sample 175, Appendiz II).

Most of the gold-bearing quartz veins occur in or near N57W trending normal faults, and
largely confiped to the hanging walls, Many of the more highly-mineralized veins occur
in phyllite beds, especially when the footwall i1s harder schist or quartzite-schist, Ap-
parently, beds on opposite walls with different resistance to deformation were important
for localization of the quartz veins. The major joint system trending approximately east-
west must have been important as well., Most of the discontinuous quartz veins trend more
westerly than the N57W faulc trend, suggesting conrrol by the east~west joints. Many of
the early investigators noted from underground observations that quartz and sulfides were
inctroduced In at least two stages, as some of the cueartz and sulfides are sheared. Most
of the quartz veins are lesg than 10 feet thick and discontinuocus. They pinch out within
a few tens or hundreds of feet. Many are parallel and en echelon, and a few are up to 2
few bhundred feet away from the wajor high-angle faults.

Four vein systems have been prospected to some degree within the north-east~trending zone.
T1he Mikado veln 1is currently being mined by the Chandalar Gold Mining and Milling Company,
and the other vein systems have had underground or surface development work. The four
vein systems from south to north are the Mikado, Star, Summir, and Little Squaw. Minour
prospecting has been done on the Tonopah claim (easternmmost Star group), just west of the
Big Creel and the upper airstrip; the Bonanza, Eneveloe, Woodchuck, and Jupiter claims,
between the Summit mine and Little Squaw Peak along the divide between Little and Big
Squaw Creeks; the Grubstake and Prospector claims north of the Little Squaw Mine between
Blg and Licttle Squaw Creeks; and the Pioneer, Little Johnny, Matchless, and Big Mick claims
on the divide east of Little Squaw Creek (mostly after Reed, 1930).

On the Mikado vein, a shaft 100 feet deep was sunk and & tunnel some distance down the hill-
side was driven 160 feet but failed to intersect the vein (Mertie, 1923). Considerably
more work has been done since that time, but the writer did not go underground. Boadway
(1933) relates that the Mikado vein is exposed in the shaft and tunrel and consists of len-
ses of auriferous quartz, mostly on the hanging wall side of a gouge filled fault. Drilled
holes intersected additional quartz in both hanging and footwall sides, and veins may he
repeatred at unknown intervals along this fault zone for a considerable length. One ore
shoot in the Mikado shaft averages $49.50 per ton over a 35 inch width between 10-1/2 and
64-1/2 feet deep. Values averaging $37 per ton were found between 69 and 89 feet deep. A
4—foot crosscut at the bottom of the shafr (99 feet) exposes a lé-inch vein with chapnel
samples indicating $79 to $439 per ton in gold (at $20 per cunce).
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Crab sawples 186, 187, and 188 are from dunp material or surface exposures on the Little
Mikado claim (dppendix I7). A prominent quartz vein along the rcad and ar the crest of
the divide between St. Mary's Gulch and Tobin Creek trends N78W aand dips 56° to 78° south
with a brecciated footwall. The roadcut going into St. Mary's Guich from the crest ex-
poses thin quartz veins en echelon and trending N70W with visible scarodite (FeAsO4.2H30).
The surface exposure of the Little Mikado claim on the Tobin Creek side of the crest is
similar to that on the other side, except more thin quartz veins and gouge zones are ex~
posed, as well as more iron staining in the phyllite,

The Star group of claims is south of St. Mary's Peak along the fault between the Mikado
and Summit faults, A lO-foot shaft was sunk on the Star No. 2 claim and a2 few trenches
and pits have been made on the Star No. 3 and Star No, 1 claims (Reed, 193C). Star No. 3
claim lies across the road and Star No. 1 claim is southeast toward Big Creek. Two pits
are still visible in this area near the road. The pit closest to the road shows a 6-foot
wide quartz vein that is partly vuggy with visible argenopyvrite and scorodite. One grab
sample assayed 11 ppm gold (sample No. 189). The veln trends approximately N70W and dips
70° to 90° nertheast. The second and more westerly pir contsins vuggy, brown-stained
quartz with included phyllite fragrents and minor arsenopyrite. West of the upper air-
strip in upper Big Creek (The Tonopah claim), 2 strerg fracture zone is trenched and is
rrobably the continuation of the Star vein system. The fracture zone is about SO feet
wide with numerouvs east-west fractures 1/4 te 2 inchee wide and filled with vuggy, iron-
stained quartz, The small placer occurrence on the east fork of upper LEig Squaw Creek is
probably dve tc erosion of quartz veins along the northwestertn externsion of the Star fault
zone,

The Summit mine is just north of St. Maiy's Peak along the trace of the Summit fsult. Pros-
pect pits in the pass area between Big Creek and McClellar Creek {ezst of the map area) are
along the eastern extension of the Summit Fault. Pits op the spur going into blg Squaw
Creek are along the western extenslon of the Summit fault. A shaf{t was sunk 54 feet,ard a
tunnel 72 feer long was driven along the vein at the Sunmit mine (Maddren, 1213). The velu
is reported to be 1-1/2 to 2 feet wide. Dump samples from the Summit mine contsin abundant
arsenopylite and scoredite in a brecciated snc sheared gquartz matrix. Grab samples there
assayed 0.5 to 6.6 ppm gold (samples 184 and 185). The major quartz vein on the surface
trends N8OW and dips approximately 80° south. In the praspect pits on the spur going into
Big Squaw Creek mincr arseropyrite and scorodite occurs in the quartz veins (Jupiter clzim).
North of the Summit mine area and south of Little Squaw Peak, minor quartz veins crop oug

on the Eneveloe and Bonanza claims. Prospect pits there show small and discontinuous quartz
veins with minor galena and scorodite.

Boadway (1933) describes the Little Squaw mine as having a proven length of 200 feet and a
depth of 130 feet, with a weighted average of $38.50 per ton over 4 feet (gold at $20.00
per ounce). Stanford (1934) states the adit is driven 185 feer on a vein striking S75W.

A raise at 160 feer was driven to the surface, and at 135 feet a winze was sunk 60 feec.
The vein 1is reported to dip approximately BO° gouth and averages 67 inches wide. It ls
mostly unmineralized quartz except for a band of quartz on the vein footwall 8 to 12 inches
wide with a streaked and ribbony appearance, due to the presence of much pyrite and arseno-
pyrite. Free gold 1s sometimes common in the samples, and Stanford took the lower of dup-
licate assays to arrive at a welghced average value of 0.505 ounces of gold per ton. Reed
(1930) reports the 2-stamp mill on Spring Creek milled 27 tons from the Little Squaw mine
with an average recovery of $22.00 per ton ($20.0D gold). The free gold was probably the
only gold recovered.

Samples 182 and 183 represent selaected grab samples from the dump at the Little Squaw mine.
No. 182 contains abundant scorodite and probably represents more oxidized vein material.

It assayed 59 ppm gold by atomic absorption. Sample 183 contains abundant arsenopyrite
and assayed 53 ppm gold, which may represent the less oxidlzed material.
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Limiced prospecting on quartz veins north of the Little Squaw mine was performed on both
sides of Little Squaw Creek, but nothing is stated regarding values and characteristics.
No prominent veins were observed in this area,

Along the extensions of the high-angle faults in the northwestern area, minor quartz min-
eralization is evident by numerous chips or boulders of quartz float found locally. The
quartz indicaces rare brecciation and no obvious signs of sulfide mineralization; however,
no prospect pits expose the quartz veins in these areas. 1In the southern area along the
northeast trending fault, quartz veins uvp to 20 feet wide occur without noticeable brecci-
ation or mineralization. Small and en echelon quartz velns with abundant gossan (probably
after pyrite) occur in sample areas 167, 168, and 169. These are grab samples of quartz
float with the highest assaying 0.14 ppm gold. Each sample assayed 100 ppm antimony by
spectrographic analysis, which is quite low but possibly significant. East of the Dome,
large and discontinuous quartz veins occuyx along the course of a north-trending fault.
They are probably related to the greenstone intrusion there. A hasty observation indicates
no brecciation or mineralization.,

Mineralization of the Gold—Quartz Lodes

White, crystalline to microcrystalline quartz is the dominant gangue material in all the
gold lodes. Crystals of quartz cowmonly project into small vugs that rarely contain sul-
fides or limonitic material, Banding in gquartz veins is produced by shearing and elon-
gated cavities that parallel the vein walls. Inclusions of bedrock within quartz velns
are more chloritic and often contain small cubes of pyrite. Siderite occurs in minor a-
mounts in samples from the Little Mikado lode.

The sulfide content of the mineralized quartz veins is less than 5 percent, with the prin-
cipal sulfides being arsenopyrite, galena, sphalerite, and pyrite, in that order of rela~-
tive abundance. Massive arsenopyrite with scorodite (FeAsO4.2H,0) occurs in small segre-
gations in Summit and Little Squaw lode samples. Galena and sphalerite with subordinace
arsenopyrite and pyrite appear tc be more commen in Little Mikado samples.

Native gold in small flakes or wires is common in the Little Mikado and Little Squaw lodes.
Gold concentrations are most common along sulfide borders or ir the quartz near sulfides.

A polished section of the Little Mikado lode sample shows gold in blebs as small as 4 mi-
crons in galena, and most commonly along galena borders adjacent to arsenopyrite. Arseno-
pyrite and minor pyrite replace galena in part, and gold replaces galena and arsenopyrite.
Small islands of unreplaced galena were noted within arsenopyrice, and arsenopyrite pene-
trates galena along cleavage planes and fractures. In the more oxidized samples, crystal-
line gold rarely occurs in vugs and may be secondary or residual concentrations left from
oxidized and leached sulfides.

Scorodite and limonite(?) are the most abundant oxidation products. Beudantite (PbFeq-
(AsO4)(SOA)(OH)6) was identified by X-ray diffraction in one sample of gold-quartz in an
area of numerous and parallel joints just north of the Little Mikadoe lode and in the pass
area going into Big Squaw Creek. Limonite was not identified by X-ray diffraction, but
diagpore (Al301.H70) may be present in the limonitic type of material.

Origin of che Gold-Quarctz Lodes

Granitic rock, possibly of pegmatitic character was postulated by Mertie (1923) as the
possible source of mineralization. He states that granitic gneiss too small to be mapped
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was found near the Chandalar area on the nortn side orf Glacier Valley. The postulated
granitic source is based largely on the presence of monazite in the placers. In one thin
section of greenschist, monazite(?) mav be present in very small crystals which would re-
late them to the greenstones. Bozdway (1934), from the presence of monazite and rutile

in ti.e placers, suggests a genetic associaction between the gold-bearing quartz veins and

a granitic rock, probably a diorite, The only occurrence of rutile found is in the quartz-
2albite vein material in Tobin Creek. This sample indicates a genetic association with the
albitization of cthe greenstone.

The known gold mineralization is confined to a northeast-trending zone which is parallel
to the northeast structural trend postulated toc be of Late Jurassic age (Regional Struc-
ture section). Large granitic intrusions are mapped west of Chandalar with generally
aortheast trends (Brosge and Reisexr, 1964). It is temable that the gold mineralization

in the Chandalar area could be related to a buried granitic intrusion, and chat the later
.eross L[ractures Lapped residual solurions genetically related to the iantrusive process.
Slighct doming may be present in the mineralized area suggesting a possible buried intru-
sion (section B-B', iz £), near Mikado fault., Larger greenstone intrusions, however, pro-
duced minor warping of the hust rocks as well.

Quartz veins are localized along N57W trending high-angle faults as well as near larger
greenstone bodies. Many of the east-trending joints contain vuggy quartz as well, but
these occur primarily near high-angle faults and in the general area of known gold-quartz
mineralizacion. In the Big Creek and St. Mary's Gulch areas, east-—trending joints in the
lover plate slate and phyllite, just beneath the thrust fault contact with upper plate
rocks, are closely-spaced and partly filled with vuggy quarcz.

Tlie spatial distribution of quartz velns near larger greenstone bodles suggests that some

quarcz veins are genetically related to the greenstone intrusions or to metasomatism asso-~
clated with them, Minor silicification and more pervasgive albitizarion of the greenstone-
greenschist bodies, as well as local areas along contacts, is suggested by field relations
and thin section studies,

Quartz-albite segregations like that found in greenstone in Pedro Gulch (sample 190) occur
in two other areas. A small piece of quartz-albite float was found in the area east of

the Dome, and in Tcbin Creek along the road just up from the Chandalar mill quartz-albite
vein material (sample 191) was found in an area of numerous guartz-limonite-filled jolants
(sample 178)., The quartz-albite materizl in Tobin Creek contains rutilated quartz crystals
up to 25 mm long and albite crystals up to 5 mm long in a limonite matrix. Samples 190 and
191 indicate a fair trace~elemenct comparison, except that sample 191 contains more stron-

tivw.

Stream-sediment geochemistry does not suggest 3 relationship between gold mineralization

and the greenstones, nor does the spatial distribution of known gold deposits. The north-
east-trending zone containing gold deposits is characterized mainly by somewhat higher
copper valueg in the stream sediment samples (fig 2). The greenstones do not reflect high-
er copper values, but locally reflect higher molybdenum, chromium, antimony, cobalt, mnickel,

and possibly zinc and vanadium.

A bedrock or reglonal metamorphic origin is not indicated by limited sampling. Pyrrhotite
segregacions in the Phyllite-Schist unit (Dphs) may suggest minor syngenetic sulfides that
were later remobilized and concentrated during regional metamorphism. This mineralization
could also have been introduced from an external source during regional metamorphism. One
pyrrhotite sample (No. 164) assayed relatively high valuves in copper, lead, molybdenum,
silver, cobalc, iron, tln, tungsten, lanthanum, antimony, and bismuth. Sample 166 repre-
sents the Phyllite-Schist (Dphs) over a distance of 100 feet (random chip samples every 5
feet or s0), and exclusive of most quartz and pyrrhotite. This sample was not anomalous
except in antimony. The Black Schist unit (Dbls) was selectively sampled (Nos, 191 and
173) exclusive of quartz, and indicates slightly higher values in barium and tungsten.
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Sample 173 contains 5% iron and 100 ppm boron but may be alrered due to the proximicy
of a small quartz vein assaying 0.14 ppm gold (sample 172).
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GEOCHEMISTRY

Geochemical studies include the collection and analyses of 147 srream-sediment and 28
vein and bedrock samples. Sample collection sites are shown on figure 2 (in pocket),
with samples considered anomalous in solid color along with the listed anomalous ele-
ments. Ln general, the geochemical distribution indicates adequately the known min-
eralized areas, as well as other areas deserving more attention. Collection site inter-—
vals average approximately one-third of a mile, and a closer grid with soil samples is
suggested for the detection of small gold veins.

STREAM SEDIMENT SAMPLES AND ANALYTICAL METHODS

Stream sediment samples contain the finer fractions of sand and silt taken in the active
parts of streams or small tributaries. Organic material was excluded when possible. Sam-
ples were dried, screened to -80 mesh, and analyzed by atomic absorption for copper, lead,
and zinc by Namok Cho in the Division of Mines and Geology laboratory (see Anderson and
Cho, 1969, for specific methods). Semiquantitative spectrographic analysis for 30 ele~
mencs and a computer program to tabulate the samples and calculate statistical character-
istics of the analytical data were under the direction of L. E. Heiuner, Mining Engineer,
Universicy of Alaska, Samples were analyzed in camp by dithizone field tests described
by Hawkes (1963) before being sent to the laboratory,

The computer program includes the calculatlon of the wean, the standard deviatiom, thres-
hold, and anomaly for both normal and legnormal distributions, as well as histograms of
frequency distributions for selected elements (Appendices III, IV, and V). Threshold and
anomalous values for each element were computed by methods described by Hawkes and Webb
(1962, p 30). Threshold value is taken as the mean plus twice the standard deviation and
anomalous value as the mean plus thrice the standard deviation. These values are meaning-
ful for a normal distribution and less reliable the wore the data departs from normalcy.
To calculate averages and standard deviations, a value equal to one half the value of the
lower detection limit or the crustal average for the element, whichever was less, was sub-
stituted for values below detection limits (ND).

Computed anomalous values for copper (102 ppm) appeared to be unreasonably high. In fig-
ure 2, samples with 80 ppm copper or more are in solid color and considered posgsibly anom~
alous for this area. For the other elements, the computed anomalous values appear to be
adequate; however, many of che elements such as niobium, yttrium, strontium, chromium,

and cobalt are not noted in figure 1. There is some doubt whether the computed anomalous
values are significant.

DISCUSSION OF STREAM SEDIMENT ANOMALIES

In general, three areas contain anomalies with mostly different suites of elements. The
upper Tobin, Lictle and Big Squaw Creeks area contains probably anomalous copper and sil-
ver. This is approximately the area of the known gold lode deposits. Therefore, higher
copper and silver values are probably the most significant for these data. The southern
area indicates anomalous molybdenum, iron, tin, and bismuth(?). The northwestern area
contains a few gamples, mostly with anomalous lead and molybdenum (dppendixz V).
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Upper Tobin, Little and Big Squaw Creeks Area

Upper Tobin Creek samples (94-396) average 76 ppm cooper. Big Squaw Creek samples
(38-55) average 87 ppm copper, The average copper value for the whole mapped area is
46 ppm., The average lead value for this area is very nearly the average for the whole
area, and the zinc average is slightly higher.

For the total 26 samples in this area, 5 contain 1 ppm silver, 3 contain 100 ppm yttrium,
4 contain 100 ppm antimony, 1 contains 20 ppm molybdenum, and L contains 10 ppm gold.

The ancmalous gold sample (94) was taken very near bedrock on stripped ground prior to
sluicing. The semiquantitative spectrographic analysis for silver should be congidered
wicth caution, as the method is subject to personal interpretation and a value of 1 ppm

1s very near the limits of detection.

Southern Area

The southern area includes sample sires 85 through 89, and 107 and 108. Samples 86 and
88 contain 10 to 20 percent iron, 10 ro 20 ppm tin, and 10 ppm bismuth.

Quartz veins in the area are fairly numerous, especially near the crest of the hill. Sam-
ples 167-169, 176, and 177 are of quartz float or veins in this area. Sample 168 indi-
cates 0.l4 ppm gold., Samples 168 and 169 contain 50 ppm tungsten and 100 ppm antimony,
but less than 10 ppm tin,

Anomalous concentrations of molybdenum with higher values in chromium and nickel may in-
dicate a genetic relationship to the greenstone in the southern area. The tin and bis-
muth association suggests a genetic relationship to a more felsic intrugion than the
greenstone, Greenstone intrusions in Pedro Gulch may have caused the higher zinc and
vanadium values in stream sediment samples 76 and 78, and in the northern area, samples
13 and 14 near the greenstone are anomalous in molybdenum and antimony.

Northwestern Area

Most of the anomalous samples in the northwestern area occur in unmapped areas and their
significance is largely speculative. Additional sampling may be warranted,as many of cthe
samples indicate anomalous concentrations of lead. Samples 9, 12, 15, and 136 vary be-
tween 70 ppm and 100 ppm lead by atomic absorption analyses. Sample 134 assayed by atomic
absorption 130 ppm copper, 990 ppm lead, 420 ppm zinc, and by spectrographic analysis 20
ppn molybdenum and S ppm silver. Thils sample was rerun by both methods with similar re-
sults. The area would be along the projected extension of the Summit faulc.

Nearer the greenstone in the northwestern area, samples 13 and 14 showed higher concen-
trations of molybdenum, cobalt, chromium, antimony, nickel, and strontium. This suite
of elements would appear to reflect the influence of the greenstone.
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GUIDES TO MINERALIZATION

1. The Wiseman~Chandalar gold belt may comprise a unique structural settiung,
whereby a large area may have potential for gold and other mineral concentrations.
Lode and placer gold occurrences are known between the John River in the Wiseman
quadrangle, and the Sheenjek River in the western part of the Coleen guadrangle
(approximately 180 miles from west to east).

Favorable structures on the regional scale appear to be along the southern borders of
large northeast-trending folds and north of generally east-trending folds and granitic
intrusions. High-angle faults and a strong joint pattern are loci for mineralization
on the local scale,

2. Based upon the Chandalar area, phyllite in fault contact with more resistant
schist and quartziteis probably the most favorable lithologic criterion.

3. Northeast-trending granitic intrusions suggest more of a genetic relatiounship
to gold mineralization than do greenstones, but some quartz veins may be genetically
related to greenstones.

4. Pyrrhotite and other sulfides in favorable phyllite-schist beds may be origi-
nal syngenetic or metamorphic features, suggesting the possibility of syngenetic cop-
per or lead-zinc deposits.

S. Brecciated, streaked, and vuggy quartz veins with arsenopyrite or scorodire
are favorable for gold mineralization in the Chandalar area. However, trenching may
be necessary to expose these favorable features, as many quartz veins are oxldized on
the surface with only a little massive quartz float exposed.

6. Placer gold occurrences may be expected close to quartz veins, as in No. §
above, and possibly near thin and lenticular quartz veins or vuggy quartz filling
joints. Conversely, gold-quartz veln deposgi(s may occur near placer deposits.

7. Copper, and possibly silver, are apparently the best geochemical trace elements
for the detection of gold veins in cthe Chandalar area.

8. Anomalous lead concentrations in stream sediments along the extension of the
Summit fault and in the northwestern part of the Chandalar area warrant additional
sampling and analyses.

9. Stream-sediment samples near greenstone intrusions contain anomalous conceu-
trations of molybdenum, antimony, chromium, nickel, cobalt, zinc{(?2?), and vanadium(?).
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7% 690313 .08 &0 10 1% 30 10 200 5 kD D 100 20 200 1000 s 0.1 ¥ 500 100 P
173 690334 N3 15 4 5 10 KD 100 KD HL L] 50 10 100 jhv) 1 D o) 0 50 <3
17 630138 ND 12 3 5 bl ND b D N No 19 10 108 WD IS » D 100 0 NO
(%24 69D )34 D 45 6 10 0 ¥D 108 s KM 10 100 20 200 50 1 0.05 0.5 100 50 N
n 630317 N 312 32 37 2 10 -1 5 no 10 1¢0 20 100 500 2 0.] 0.05 S0 100 10
LREY 4904386 ND [ 10 13 3 o 100 ND ND 10 50 10 100 10 1 0.08 D 100 10V L)
180 (3D %k} NA 40 19 180 RA L7Y NA REY HA NA NA HA NA NA NA Na NA NA Na XA
185 YD 16O NY '3} & 67 10 h 4] 100 5 ND 0 100 0 00 500 2 6.3 0.} 100 100 L3
182 69D351 3%, 13 10 10 10 10 100 5 1 DY 50 10 100 %00 2 N ND s$00 0 pUi
18) &9p242 51. 10 10 10 3 100 200 20 s 10 50 10 200 » 20 Eb) 0,05 100 30 20
184 850343 0.3 13 10 12 10 10 100 ] XD 10 100 10 200 KD 2 D 1] ND 50 ND
185 &9p344 6.6 1sa 15 3s 200 100 200 10 2 20 0 20 200 100 10 XD RD 20 0 o
188 BSD3LT 2.8 1% 20 80 100 20 100 5 1 100 20 20 109 200 3 .1 0.2 XD 200 100
i87 590142 a9é. 25 78 NA 1Q 1.0 1.0 ND 300 o 160 10 200 100 2 6.05 [ ] 0 30 L]
188 450247 168. 16 13 20 3 10 100 KD 20 10 100 10 104 180 2 0.05 ND 100 50 N>
159 640348 11. 17 ND 10 10 b 100 ND ND m 100 18 100 1aq ] 0.05 4 100 50 No
190 690349 0o 'S W NA s ND No 1) L 10 L) 3 50 30 0.1 0.1 D.2 20 N [
1% 630330 N A A Ni 19 o L1 mw ND 10 ND [0 50 50 a.2 0.05 Q0.1 20 500 ND

4 Vejues ropartwd in percent rathar cthan ppm.

# Denvrex miomlc absorption Lna)yuis

KD Nor gerected (sez dotactfon llwitm, appemdix VI}

NA  not asunyed

qrz = quarre

1ln = limontre

v = yain
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Ew] 0 100 50 300 $Q Nu 50 su ND 1000 20 ND D Pyrehotice segragarion in Dpng URLEs noar Lirtlw Squaw mlae. JUY3
ND WD 30 50 Y 10 ND 0 50 ND 500 $ ] N Vuggy quartz “ieh nemat{te (H fouruall Jointx nedr Summit mins. 165
2 ND 1) 100 ND 20 20 20 19y 5] 200 s ¥o N 100 foar 1andaw chip xsmple of Dphryx unil (wo qtz or pyrrhortcw). léa
XD XB M HD ND 5 KD .1 T ND 160 ND b o Grab sagpla of v quartz vith gosy in aouthern araa. 167
1 24 50 o 20 20 W 20 20 ND 100 5 124 N0 Grad seaple of v quarts with goss im souChern srea. 168
1 W 50 50 ND 20 i3 N 20 ND 100 ND 4] b 1) Crab wample ol v quaril vitk gors ip southeru ares. 163
¥ N D .y 20 W D NL w [[u] ND D o o Crab eample of v quartz with gosu wesl of Tovim Craok. 170
2 ND 50 200 i3 20 10 w 100 & FY 5 b WD Crab xample af Dyla unit (6o qQUF) near Spinv. 37l
1 N 1 0 L] 10 i W 20 ND w N ND N Grab sample of v qrz Lh Dp)y unit oeak Spica. 172
2 ND N 200 N> 50 10 D 290 XD ND H L1 o Crap snmple of Dypg unit wilh itun ataiua eesr Spine. 173
1 mn e 100 50 20 10 W 100 XD ND L5 3 NO Orab samplew of v qrz In fracturss <asy af Yobin Creek. 174
1 ND o 13 xo ND ND o 1 1000 N D Hu D Grab symple of v gtz vith arseaopy south of landslide. 175
1 ND 4D ¥o ] N XD o N il o D ND ND Crab saeple rampodite of v quz 1o [r1accures pear Tobla Pasx. 176
R/ Lol D Mp 50 ND 10 20 40 ND ND WD i) W Crab sample of qra nesr greenxtOns dixe cameact in scuthern area. 1
M HD vb 50 20 10 ND 10 20 o Y Nul ND ¥D Grad yample cceposite ol v qrr (rare albice) - lio near Chandalar mfls 17k
ND Nb ¥ ND 20 3 D o 0 NO D W W Np Grab sapple ol v ger near thyust and greepstone In aartherg srea. 175
NA RA HA 18 BA NA A58 A Na ni NA A n Na Grab asmpla of Oy) . vait near thrusc conlace ta St Kacy's Colch. 180
o 5 1oy 20 20 " 5 10 50 ND N ND Np D Urab sewple of ascrmorphic qtz in ¢ane ares a3 180, 181
¥ No o Np 10 10 D D 10 bla ND ND N (v] Gtab sapple of v qte wlth dreenopy sad wxcor (Litfle Squaw dump). 182
1 30 130 m o 20 " ¥D 10 A .3 10 D 20 Grab aample of v gtz vith mays arsenopy (Litele Squav dump). 133
1 HD D KD 20 1o joil KD ND NA [ - ND ND Ceab warpla of v qtz vich arswiopy sad scor (Swweit mine Jusp)- 18¢
1 20 uo No D 20 20 W 20 NA YD 10 Rl 10 Geab sumple of v QU2 «with wass Arxenopy. 1685
5 ND ND (4 20 10 ND 19 20 NA ND s ND MD Grab samplo of v qer wich lne on rurface Llteile Mikado Afcu. 186
ND ND D HD 20 ND ND .13 0 $000 o 200 200 1000 Grab symple af v qte wieh gal, sphai. By, gold {Liccle Mikadsn). 137
D N 1] D 20 MD D 3] 10 Na o N i+l 200 Grab tacple ol v qUz with arsenopy, vcor, and gold (Lsictiec Mikada dump) 188
am N D ND 20 ND .} ND 10 ~1.0 ND ND D ND Grab sanple of v qcx with acaanopy, scor (8rsr Lodw P3). 169
[ Ao D ND ND ND KD D 10 ND o ND KD o Albfea=qrz segragation fa jreenscoos 4t Padro Culch. 190
5 N W ND ND WD w N 10 KD KD ) X ND Albicta crystaly {u qrE-aqlbire valn puter{a) near Chandalar eill. 191



IIT xipuaddy

BYSRY ‘Boly Je[BpURY)

sg|dwes Jugwipes wWeeJ)S Ul sanjep uojydiosqy Ijwoly

uol|(jw Jad sjipd Ul UO{}DILUBOUDY

Jo uolingiysyq Aouenbaiy

06l 00l 0s Q
_ I L 0
_ N
3
33 C oz
wdd _M/“ _ 3
20/ S o
9N/ DA go\g\uev‘l\\\_ b M | — o 2
2
wdd pg >
anioA ploysaiy “ — 6 3
3
b3
434402 - 02
— G2
uol|||w Jad s}iod u| uOlDIjUSIUOY Uoj|J(w Jed sjipd Ul UONDILBIUOY)
00¢ Q02 (e]¢]} Q Si oS g2 0
L _ _ _ _ I 0
e gt
Q9 = G QY I o .
3¢ | 8% |
133 s z
b3 — Of wddpg9 _—Y
wdd 9gz_A° z 8njoA $NOPWOU Y >
87110A SNOJDWOU 3 ®
4 wdd gp o
wad g6/ ~StoS 8//DA poYsay / — SIS
3N DA pJOYS3IY ) o N
- Q
3
~ 02 3 - 02 ™
2 b
2
R - 62
ONIZ av3n
O ~ Ot — 0¢
= A




Appendix 1V

Average, Standard Deviation, Threshold, and Anomalous Valuas for Stream
Sedimgnt Sampleg, Chandalar Area (Values in parts per million unless in-
dicated; AA = Atomic Absorption)

Element

Gold (AA)
Copper (AA)
Lead (AA)
Zinc (AA)
Copper
Lead

Zinc
Molybdenum
Silver
Cobalt
Chromium
Nickel
Manganese
Titanium
Iron (%)
Magnesium (%)
Caleium (%)
Barium
Strontium
Boron
Beryllium
Tin
Tungsten
Zirconium
Lanthanum
Niobium
Scandium
Yetrium
Vanadium
Arsenic*
Antimony
Bismuth
Cadmium*
Gold*

Average

NOT

46,03
25.69
123.04
28.78
18.33
150.26
5.86
0.12
26 .57
141.47
30.00
596.15
7923.07
3.99
1.4
0.19
520.51
97.12
45.96
2.30
2.17
1.50
149.68
51.47
20.03
17.69
41.03
100,00
1.80
10.44
2.77
0.20
0.07

Standard Deviation

ANALYZED
18.56
11.49
37.64
22.55
13.47
57.80

3.87
0.25
18.07
112.47
25.80
454.64
2746,23
2.01
0.50
0.22
164.11
18,18
23.47
1.21
1.57
0.00
66.36
29.49
7.88
4.34
18.29
13,91
0.01
32.43
2.54
0.00
0.80

Threshold

83.15
48.66
198.31
73.88
45.27
265.85
13.59
0.61
62.70
366.41
81.61
1505.43
13,415.54
8.01
2.13
0.63
848.73
133.47
92.89
4.71
5.31
1.50
283.39
110.45
35.79
26.37
77.60
127.82
1.82
75.30
7.86
0.20
1.67

*Values are probably meaningless due to limits of detection

Anomalous

101.71
60.14
235.95
96.43
58.74
323.65
17.45
0.86
80.77
478.87
107.41
1960.06
16,161.77
10.03
2,63
0.85
1012.84
151.64
116.36
5.92
6.89
1.50
348.75
139.93
43.67
30.71
95.8%
141.74
1.83
107.72
10.40
0.20
2.48

37

(80)

§9)
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Map No.

12
13
14

15
24

26
42
46

48
49

52
53

55

56
57
S8

39
60

67
76
78
86
87
88

94
95
96
98
208
109
121

134

136

Appendix V

Stream Sediment Samples Considered Anomalous in the Chandalar Area

Significant Elements
and Values in ppm

Mo

Ag

Ag

Cu
No

Fe
Fe

Cu

Cu
Mo

Ag 1

Pb 100

Pb 70

Mo 20
20; Sb 200

Pb 70
Ag 2
Ni 200
Cu 85

Cu 80
Ag 1

Ag 1

Cu 85
1; Cu 80

); Cu 85

Cu 85

Cu 80

Cu 85

Cu 90
95; Zn 250
20; Ni 200

Cu 80

Zn 250

VvV 200

Mo 20
10%Z; Sn 10
20%Z; Sn 20

Au 10
90, Ag 1

Cu 85

B 200

Mo 20

Ag 1

Mo 20
130; Pb 990; Zn 420;
20; Ag S5

Pb 70

Other Possibly Anomalous Elements & Remarks

Sb 100; Spec. value for Ag 1ls near limit
of detection

Spec. Analyses 20

Spec. Analyses 20

Co 100; Cr 500, Sr 200; Sb 100

Cr 500; Ni 100. Spec. value for Mo may be
too high

Cu 75; Cr 500; Y 100; Sb 100

Co 100

Cr 500; Sb 100

Spec. value for Ag is near limit of
detection

Spec. value for Ag is near limit of
detaection; Cu 70

Spec. valuve for Ag is near limit of
deteccion

Spec. value for Ag ig near 1limit of
detection

Zn 210

Zn 195; Y 100

Zn 210

Crx 500; Y 100; Sb 100
Zn 210

Cr 500; Ni 100; Sr 200; Sb 100

Bi 10

Bi 10

Area stripped for placer mining

Y 100; Fleld test 12 milliliters
Field test 15 milliliters

Zr 500; Be 5

Cr 500; Sb 100

Be 5; Zr 500

Zn 200; Sb 100

Analyses apparently valid — AA rerun and
Spec. rerun. Spec. values much lower.
Spec. Analysis 10
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